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5. Design and Analysis

Experience and judgment are the foundation of all structural design
which is basically a cut~-and-try process. The first trial or preliminary
design may be close to the final or far away, depending upon the ability
of the designer to estimate (from experience and judgment) the sizes and
proportions of the various structural elements. The final step in the
design process is to check the design in all of its elements by an analy-
sis of the structure to be certain that it will resist the loads that
come to it without exceeding the permissible stresses. The designer's
goal is to produce plans for an adequate, safe, and economical structure;
analysis is but one step in the process and is important only as a check
on the designer's judgment.

3.1 Fundamental Requirements. A structural designer must meet cer-
tain basic requirements of experience, knowledge, and ability. His value
as a designer will increase as his experience grows; experience is galned
both from doing and from reading about what others have done.

The basic principles of structural analysis are relatively few in
number and, with a few exceptions, are relatively simple. The structural
designer must have a thorough, clear, and complete knowledge and concep-
tlon of equilibrium; force; moment; couple; the basic laws and proposi-
tions regarding the composition and resolution of forces, moments, and
couples; the laws of statics; and the geometry of continuous frames. The
basic theory is simple; the diffdiculties arise in applying the principles
to the many types of structures and loading conditions encountered. It
is 1mportant to realize that unless the basic principles are thoroughly
understood, their application to actual structures can be exceedingly
difficult and often erroneous. Frequent review of good texts on analyt-
ical mechanics and structurael theory will help fix these principles in
the mind.

The equations of statics are so important that they are listed below
for emphasis. For planar structures they are:

SH =0 (6.3-1)
TV = 0 (6.3-2)
M =0 (6.3-3)

In words, these equations say that for a body t6 be in equilibrium,

(1) the algebraic sum of the horizontal components of all forces acting
on the body must equal zero; (2) the algebraic sum of the vertical com-
ponents of all forces acting on the body must equal zero; and (3) the al-
gebraic sum of the moments of all the forces acting on the body about any
point in the plane of the forces must equal zero. These equations are
necessary and sufficient for the solution of any statically determinate
planar structure.

Free Body Diagrams. One of the most powerful tools of structural
analysis is the free body diagram. A good designer will develop skill in
their preparation and use; he will know and be able to apply the following
steps:
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1. Isolate a portion of the structure by passing a section (not
necessarily straight) that cuts the member or members in which unknown
forces or stresses are to be found.

2. Draw the free body diagram and show carefully all of the forces
both internal and externmal acting on this free body.

3. Compute the wnknown forces from the equations of statics.

Free body dlagrams are also of value in the determination of the
correct sense of shears, moments, rotations, and deflections; they give
credence to the proverb that "a picture is worth 1000 words."

The use of free body diagrams will be 1llustrated numerous times
in other sections of this handbook that deal wilth the design of specific
structures.

A designer's analytical ability can be lost through slovenly design
notes and lnadequate, sloppy engineering drawings. After a designer knows
the fundamentals and how to apply them to specific problems, he must pre-
sent hig ideas in clear, neat, complete design notes and good drawings,
or his effort and ability will not be recognized and appreciated. Anyone
who has attempted to check a poorly prepared set of design notes or a
carelessly prepared drawing will agree with the #bove comment. The refer-
ence value of cold, inadequately recorded engineering work is almost nil.

3.2 Shear and Moment Curves. Any of the modern textbooks on ele-
mentary structural theory and many books on strength of materials contain
thorough discussions on the preparation of shear and moment curves and on
the interrelationships between load, shear, and moment.

To aid in the computations involved in such work, several drawings
have been prepared and included herein. Use of these drawings will facili-
tate the preparation of shear and moment curves on many of the cantilevers,
beams, slabs, and rectangular frames encountered in soil conservation en-
gineering. Your attention is especially directed to drawing ES-4, "Shear
and Moments for Trapezoidal Load on Cantilever." The data contained in
the three sheets of this drawing has found increasing use over the past
8 to 10 years since its originsl preparation.

Use of the following drawings will be illustrated in other sections
of this handbook.
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STRUCTURAL DESIGN: MOMENTS FOR TRAPEZOIDAL LOAD
ON CANTILEVER
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STRUCTURAL DESIGN: SHEAR FOR TRAPEZOIDAL LOAD

ON CANTILEVER
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9'-3" 42.84 u42.3| u2.0| 41.7| 41.3| 40.8| 80.3| 39.7| 39.0} 38.3| 37.5] 36.7| 35.8| 34.8] 33.8] 32.7| 31.5] 30.3
96" | 45.1 | u4.6] 44.3| #4.0| u3.6] 43.1| u2.6[ uz.0| #1.3] 20.6| 39.8] 39.01 38.1] 37.1| 26.1] 35.0] 33.8] 32.6
9°'-9" 47.5 | u7.0| u6.8} 46. 4| u6.0| u5.5( #5.0[ 44| u3.8| 43.0] 42.3| 414 | 40.5{ 39.5| 38.5] 37.4] 36.3| 35.0
10'-0" 50.0 | #9.5( 9.2} u8.9} u8.5| u8.0| 47,5 46.9| #6.2| 45.5| 44, 7! 43.9 | 43.0}| 42.0| 41.0| 39.9| 38.7| 37.5
10'-3" 52.5{ 52.0( s1.8] 51.4] 51.0] 50.5] 50.0| u9.u| 48.8| 48.0| 47.3| 6. 4| 45.5| 44.5| 43.5] 42.4| #1.3| 0.0
10*-6" 55.1 | 54.6| 54.3| 54.0( 53.6| 53.1| 52.6| 52.0( '51.3| 50.6( u9.8| u9. 0| 48,1 47.1) 46.1| 45.0( 43.8| 42.6
10'—9" 57.8 | 67.3] 57.0f 56.7] 56.3| 55.8] 55.3| 54.7] 54.0| 53.3] 52.5] 51.7| 50.8( u9.8| 48.8] 47.7| u6.5| #45.3
11'-0" 60.5 | 60.0| 59.7| 59.4] 59.0| 58.5] 58.0| 57.4| 56.7| 56.0 | 55.2| 54.4| 53.5| 52.5] 51.5[ 50.4| 49,2| %8.0
11°-3° 63.3 | 62,8 62.5] 62.2] 61.8] 61.3| 60.8| 60.2| 59.5| 58.8| 58.0| 57.2| 56.3| 56.3| 5.3 | 53.2| 52.0| 50.8
116" 66.1 | 65.6] 65.3]| 65.0] 64.6] 64.1] 63.6] 63.0] 62.3| 61.6] 60.8] 60.0| 59.1| 58.1| 57.1 56,0 | 54.8| 53.6
11°'-9* 69.0 | 68.5| 68.3] 67.9| 67.5] 67.0| 66.5| 65.9| 65.3| 61.5] 63.B| 62.9| 62.0| 61.0| 60.0} 58.9 | 57.8/ 56.5
12'-0" 72.0 | 11.5| 71.2] 70.9] 70.5] 70.0| 69.5| 68.9| 68.2| 67.5| 66.7] 65.9| 65.0| 64.0| 63.0] 61.9| 60.7| 59.5
12°'-3" 75.0 | 74.5] 74.3} 73.9] 73.5] 73.0[ 72,5| 714.9| 71.3] 70.5| 69.8] 68.9 | 68.0| 67.0| 66.0| 64.9| 63.8B| 62.5
12°-6" 78.1 | 77.6} 17.3| 17.0] 76.6| 76.1] 75.6| 75.0| 7u4.3]| 73.6| 72.8| 72.0| 7i.1| 70.1] 69.1| 68.0| 66.B| 65.6
12'-9* 61.3 | a0.8| 80.5] 0.2} 79.8| 79.3| 78.8| 78.2| 77.5( 76.8 76.0] 75.2| 74.3} 73.3| 72.3| 71.2] 70.0]| 68.8
13'-0" 84.5 | 84.0[ 83.7] 83.4| 83.0| 82.5| 82.0( 8t.u| 80.7] 80.0| 79.2] 78.4| 77.5] 76.5] 75.5] 74.4{ 73.2} 72.0
13'-3" 87.8 | 87.3| 87.0| 86.7| 86.3( 85.8 | 85.3| 84.7| 84,0 83,3 [ 82.5| 81.7| 80.8| 79.8| 78.8]| 77.7| 76.5]| 75.3
13°-6" 91.1 | 90.6] 90.3] 90.0] 89.6| 89.1| 88.6[ 88.0] 87.3| 86.6| 85.8{ 85.0| 8a.1| 83.1| B2.1| B1.0| 79.8} 78.6
13'-9" 94,5 | 9u.0| 93.8] 93.4] 93.0] 92.5[ 92,0 91.4] 90.8] 90.0] 89.3| 88.4| 87.5| B86.5( 85.5| 84.4| 83.3| 82.0
14'-0" 98.0 | 97.5{ 97.2] 96.9] 96.5[ 96.0 | 95.5( 94.9| 94.2] 93.5| 92.7| 91.9| 91.0| 90.0{ 89.0| 87.9| 86.7| 85.5
14°=3" |101.5 [101.0100.8 [100.2(100.0[ 99.5| 99.0] 98.u} 97.8] 97.0 [ 96.3] 95.4 | 94.5] 93.5| 92.5( 94.4{ 90.3 | 89.0
14'~6" | 105.1 | 104.61104.3 [1084.0[103.6 [103.1 |102.6 1102, 0 [101.3 }100.6 | 99.8] 99.0] 98.1| 97.1] 96.1} 95.0| 93.8| 92.6
14’9 | 108.8 | 108.3 {108.0 {107.7[107.3 [106.8 [106.3 [105. 7 [105.0[108.3 |103.5|102.7 |101.8(100.8| 99.8 98.7 | 97.5] 96.3
15'=0" | 112.5 [112.0]111.7 [111.%]111.0 {110. 5 [110.0 [409.% |108.7 {108. 0 |107.2|106. 4 |105. 6 |104.5{103. 5 |102.4 |101. 2 |100.0
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STRUCTURAL DESIGN: SIMPLE BEAM MOMENTS FOR
UNIFORMLY DISTRIBUTED LOAD

Mx
K | ¢ \Jae

g&% we
Alx:Mi/:?—k//"e): — (/%) .01 | 0.00495]0.0396
0.02 | 0.00980/0.078%

r's
or My =CW.E, where C= ?//'U 0.03 | 0.014550.1164

0.04 0.01920{0.1536
0.05 0.02375|0.1900
0.06 0.02820]0.2256

4 0.07 | 0.03255{0.2604
0.08 | 0.03680(0.29u4
X=kE Je W=g4 : 0.09 | 0.04095/0.3276
_ 0.1 0.04500/(0.3600
! 0.11 | 0.04895]0.3916
A4 @ /bs. per ff B 0.12 | 0.05280]0, 4224
oW | o . W 10,13 | 0.05655(0. 4524
A"z | 8" Z 190,14 | 0.06020/0,4816
0.15 | 0.06375]0.5100
| | LOAD 0.16 | 0.06720|0.537¢
: 0.17 | 0.07055|0.56u44
0.18 | 0.07380]0.5904
[~ I 0.19 | 0.07695(0.6156
0.2 0.08000]0.6400
14,:_2.“1 \\ D Lyl -aw 0.21 | 0.08295[0.6636
0.22 | 0.08580|0.6864
\1>£ - 0.23 | 0.08855{0.7084
: N 0.24 | 0.09120[0.7296
0.25 | 0.09375(0.7500
' W 10,26 | 0.09620|0.7696
: 2 - - -
SHElAIR ?'A?RAM\\ 7 0.27 | 0.09855/0.7884
6 9 1w Y 0.28 | 0.10080|0.8064
1§ 8 g 0.29 [ 0.10295/0.8236
313+ 8 ® 0.3 | 0.10500{0.8400

0.31 | 0.10695/0.8558

g. 0.32 | 0.10880]|0.8704

\\\\ 0.33 | 0.11055[0,8844
\g

N 0.34 0.1122010.8976
\Q- 0.35 0.11375{0.9100
0.36 0.11520(0.9216

0.37 0.11655(0.9324
Q 0.38 0.11780{0.,942y

S 0.39 0.11895(0.9516
| 0.4 0.12000]0.9600

_11

1

|

|

054{
Xlo
/,
o

My
Kjé

o o/ 02 063 o4 o5 a¢ 3 oZ o/ © 0.4l 0.1209510.9676
Y

g 0.42 | 0.12180]0.97uyy
0.43 | 0.12255/0.9804

MOMENT DIAGRAM 0.44 | 0.12320|0.9856
0.45 | 0.123750.9900

My 0.46 | 0.12420|0.9936

M@ 0.47 | 0.12455(0,9964

0.48 0.12480(0.9984
0.49 0.12495(0.9996
0.5 0.125001.00
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STRUGTURAL DESIGN: TPk LAY MOWENTS FOR

[ 4
4
x=kd | i
A f j, ‘ )
R +P( 59 | Rg =P
| LOAD £
I
|
I
_ord-o
] 'P/T) N
I
|
| g
| V8=PT
I
I
I
SHEAR DIAGRAM
|
I
|
|
Y
MOMENT DIAGRAM
My =F(L~a)k, when kl< a; My<Po(!-k) when kf >a
Mmax = P(Jfg)a
When load (P) is of € of beam (a =5—£ )
R4 =Rs :28 5 Vmax -‘-28
MX -‘-?ekj J Mma,( =TP£
REFERENCE U. 8. DEPARTMENT OF AGRICULTURE STANDARD DWG. NO.

SOIL CONSERVATION SERVICE | ES- 2
SHEET ! oF !

ENGINEERING STANDARDS UNIT parg - 1171749




STRUCTURAL DESIGN: SIMPLE BEAM MOMENTS FOR
TRAPEZOIDAL LOAD

My =M=-8E " pfE+C)

3.

where C = g, D=k(1-k%), £33 K D £
0./ (0.099|2.727
M max. when k= ¢ /-I+ I/CZ#-’:—{/ 0.2 {0./192 | 2.500
0.3 10.273|2.308
NOTE: Ordinarily it is not necessary to compute, 0.4 | 0.336 | 2./43
the maximym moment. It con usually be 0.5 | 0375 |2.000
determined from the moment diagram 06 {0384 /.875
with sufficient accuracy. The maximum 0.7 10.357 | 1.765
moment will occur betfween k=0 500 0.8 | 0.288 | /.666
ond k=0577 0.9 047/ | 1.579
X=k? | kgz 1
an , =Load
g, T[T L g, Loco
, A T I length
4
pA:E(ngf?Zj iLOAD QB 6(3?/7‘-2?2)'
|
T |
_ L
h=5Cg92) SN ey kG, B)
\;><\\
|
RN y
| N 7 =€'(5?/ *2372)
SHEAR DIAGRAM | |\
j ] \
_r ______.___.7?L’ \\
S| N
1}
3 //

MOMENT DIAGRAM

k=0 0/ 02 03 04 05 06 07 08 09 /0

REFERENCE

U. S. DEPARTMENT OF AGRICULTURE STANDARD DWG. NO.
SOIL CONSERVATION SERVICE | fg-3

ENGINEERING STANDARDS UNIT
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STRUCTURAL DESIGN: SIMPLE BEAM MOMENTS FOR

TRIANGULAR LOAD

M =Myp=%gLTk-£3) =15 We (-4 £ <
xkléf/)33/ / 0./ |oo33
C=l(4-£%) 0.7 0064
i 0.3 |co9/
%‘! cwe o4 |0//2
o5 |e/25
M 1s moximum whern k=0577 0577 0/283
2 oe |0/28
Vo= Vip=W(t%-£7) o7 lo//2
¥ ke ? 0.8 [009¢
0.9 0067
' x=kl W=% 5.,!
LS
b
I
A | Z - 8
-~ i "1
LOAD DIAGRAM
|
_ i "
I B X
V, = // W [
479 \PQ‘\F
a|577\.¢! N ,
| | . |BBW
SHEAR DIAGRAM
I ' \__
| |
1]
: | \\\
/ ;"
k= © 0/ 02 ©3 04 05 06 ©.7 08 ©9 /0O
MOMENT DIAGRAM
REFERENCE C'anﬁnu/l‘,y mn . . U. S. DEPARTMENT OF AGRICULTURE STANDARD DWG. NO.
Concrere Building Frames,| SOIL CONSERVATION SERVICE | £5-23
2 ¥ei HE | 0 !
Lora baimion Portland | pamvesrive stanoamos wnrr | T

DATE




STRUCTURAL DESIGN: FIXED ENDED BEAM MOMENTS FOR
CONCENTRATED LOAD, UNIFORMLY DISTRIBUTED LOAD, AND

HYDROSTATIC LOAD ON PRISMATIC BEAMS

CONCENTRATED (LOAD UNIFORMLY DISTRIBUTED LOAD HYDROSTATIC  LOAD
xkd_|\P x=kd

jRXALL y x=4L W=77§,1
W=gt I N
A EB A I 3
F-74 Li/-a) j ¢ = /eod per foof A 8

v N B SNV NI

lood Diagram Lood Diagrom Lood piogrom

5/5’}17 (+)

2V ne
Jz0- 212
Moment Diegrom 2§<.‘§\_¥§§° 58&& §§0
5/mo/l Beom Coefficients Simpte Beam C‘oefﬁc/m:ts
at lenth pointsinM=CWE aF fenth points in ML
MoMENT AT ANY Po/nT kL riom A Moment Diagrom Momaent Diogram
For Ofksg
Mys My =(1- g)(kffgk-.)ﬂl SHEAR AT _ANY PoinT kL Feom A SHEAR AT ANY Poinr k€ Feom A
Vao Vg =%l 1-24)W Vo= Vog= %0(3-082W
For g% k &/ * ke ke Var = Go(3-104)
M= Mg “2i284-7s2-30)2L MoMENT AT ANY Poinr &L reom A MOMENT AT ANy PoinT kit Feom .
M= M, =5 (64-642-1) W M= 27043
Maximum Posirive Mosent (k= g) T «t %/ 451wt M= Mot Bol-2-106IWL
Maxismum Posirive Moment (k= ¥2) Maximum PosiTive MoMenT (k=05477)
22l a)? 3
Moy < 28%(1-2)2 Pt Mgy g W2 Hysgreg = 00429 WiE
£rxep EA‘:’F Ma‘;‘"w ;g”‘iﬂ') Fixep EnD Moments (Negativa) Fixeo EnD_Momenrs [ Megative)
ap= £ (/-£)PL M Ay
My Hre)Re Mo M= 72 W4 o 2
4" o
. PelOkips EXAMPLE
a3 SHEAR IN KiPS
W = /.25 kips o Jait]azs]ase|dr3tlast]ass|oss]ors !au 297 2
] I ] l l l I I I l l% T }5_'0',(',” | | | | | Conc.Lood |+14/|+ 241|424/ |+ 3¢/ (2255 - 2.59]-2.59|-259]-259]-259]-259 - 2.59
A **{ 1123 %207- 2iw | 250 reoolrasolss00 b2 50 k50| © [-1501-300l450]-é00]-750
L= 1507 Vi Yo (3101 5,38 |+326 [+ 2.92|+2.36 1+ 2.3 [+458 |sa56|-0e8 | 214 |-383|-5.74| 257
¢z o'“, Diggrom Fu* 4000 /bs, Tota/ |Wa2Neer|wdesliz.?? ;’,’;33 +R99|-2.03]-77|- 773 1092|433} 196
f,,-/.5aﬂlbs.
Fixep END _MoMENTS
5 - Conc Lood- My~ B(1-E)?Pe - 0333(06eiax/5 = 22.22 Ft kips
& el Unif lood- My= YeW,d = fpxiBx/5= 18.75 ft kips
g [LLH Hyd Lood - M= fs Wyl = Usx/25x /5, = 11.25 FF kips
T mm———
otde ' (—)m g Tota! M- 5B.22 Ft kips
1 ¢
! \ 3 Conc. Lood - Mg = a%(1-£) P2 = (23337066 71OXI5= 11.1/ FF kips
Sheor Diagrom = Unif Load - My = YaWyd = Ypxi5xi5= 18.75 £t kips
T Hyd Load - My = Yo Wyl = Yo */l265x/5 = 16.87 FF kips
| Tota! Mag: 46,78 £/ kips
| 258/ kips (Max Pasitive h 7
II- ] SIMPLE _BEAM MOMENTS /N _FT._Kips.
7T L] | o loitloz2|a32 | daaeloaelast|ceelare|nss|aae] 7
& 1| Y r.])- 7 Cone_Load | 0 00| 20,00\3000|3333|3000|2500|2000|1500| 1a00] s00] ©
N X| gyl [ZLzCuit | O vos3liaco|zasalzsocolzzo0|28.3) 210023681800 10.08] ©
~ »L N Hi= oWt | 0 | A57)/as0|i5seliae7/8.90)z..10|21.60|2000|/6.20] 9sz] ©
E | § Total 0 _|25.70148,5808.99]7500| 75,20 7423['3.40 5873[44202475) o
M % See £5-1,£5-2, ond FS-23
. * ¥ The Uniform lood ond Hydrostatic lead con be combined and £5-3used.
Moment Diogram
REFERSNCE  COnfinuity in U. S. DEPARTMENT OF AGRICULTURE STANDARD DWG. NO.
. . J V T 7 -
Concrete Building Frames,| SO1L CONSERVATION SERVICE ES-17
Third fd/.f'/'O/?, Fortland sager__ ' op_!
. . ENGINEERING STANDARDS UNIT 4-11-50
Cement Assocriatron. DATE ¢

Revised 6-4-51




STRUCTURAL DESIGN: FIXED ENDED BEAM MOMENTS FOR
PARTIAL UNIFORMLY DISTRIBUTED LOAD— PRISMATIC BEAMS

g = lood per foo?

FIXeD END MOMENTS

“/= glhl A _ 7/
W I 3 Mag™ 72 L2(6 - 88 + 3w
A; zd ;5 Mo Y2l (4 - 36) W
3 Z y
LoAD DinGRAM SIMPLE BEAM REACTIONS
Ry =V % wiz-e)
eg = Vas =z 1/2 WE
I3
Va (+l Fixep EnD REACTIONS
1l P
T Mag M,
I(:-? Vep EAngA"P:f _-"""( Ai “)
! My Mo
IHEAR DiAGRAM Ry=Vy RS - (_437_5)
7 Py SimpLE _BEam Moment ar C
m ¢ ME= RE(2L-2£)
c
] Prorring  MomenT DiAGrAMm
. g L Plot M2 at C
Mas - M - . 2 Plot simple beom momenr diagrom
e Mas for spon (ed) ond load (W) vertically
7 abore /ineFAc‘ (See £S5 -/)
A .) 3 Plo? M,.; ot A
MomenT _Di1AGRAM 4.Plot My ot B
g * Joad per foo? FixeD END MOMENTS
) W= g(etl-ot) g M;a <% gﬁ(é-gg@g‘)?z/-af’é-&a*.?az)?fj
4 2 MW c o4 - PR '
At—7 IMTw I ;5 M= Yol 2354 32);2_( Sl 30)?,2]
p [ 74 3 SImPLE BEAM REACT/ONS
2 £ R Ry =V =lyw(a+tz)
LoAp Diacram RI=vi=lpw(2-q-2)

1]

(+)
L

]
SrEAR Diacram

oM e 4Wret-al)

TT ”~
) V
2 e

&

Momenr  Diasceam

FIxEp END REACTIONS
May- Mza)

‘?AF' VAF.E: +

Mas~Maa)
Aa:' y;r"?: - C___]r___

SimpeLe BEAm Moments AT CE D

ME=Ri(L-22)
My = R% (aL)

PLoTTING MomeNT DIAGRAM

L Plot M:atC

2. Plot Mz ot D

3 Plot simple beom moment diagrom
for spon (#L£-al) ond load (W)
vertically above /ine CD (See £S5-/)

£ Plot Map a? A

5. Plot 44‘u¢7f 8

REFERENCE  CONF/nu/ity /n
Concrete Building Frames,
Thirdg Edition, Port/ond
Cement Association.
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STRUCTURAL DESIGN: MOMENTS IN SINGLE BARREL

Assumprtions -
L /~ Loods ond frome ore
symmerricol/ obouwt
F————F———— B| 0] center /ine of Frome.
yd N\ | 2~ The gnolysis /s bosed
on centrer /ine odimen-
s/ons.
3- The effect of smal/
fillets /s neglected.

Heh + 1
L = Z +fw
Ks . oo (1s)> H
Tw 4 Tw Kw Tw L
b= ¢
= 3
Mos Moy~ P (U 7 U ) (C*2)*-/
F
My Mg P(Us *9UE) 7.¢72
Mee * Mg = O Ug = Myp *Myg

- F_ L F yA
Map * My =0 Ue Moy + Mzp

=C

Sign _convention - A moment acting irn a c/lockwise
airection orn o Jjo/nt /s posSitive.

1 X

I all

Cavtion: Use proper s/gn of fixead end moments
when substituling them in the gl/ven egualt/ons.
Nomenc/arture :

Mo = Moment at end ‘"of member ‘ob’

Mg = Fixed end moment a# end “a“of member “ab "
UYS5 = Algebrarc sum of Fixed end moments of o =
unbolaonced frixed ena moment ol a.

Ky = Strffness of wall.

Ks = Strrness of s/ob.

REFERENCE
U. S. DEPARTMENT OF AGRICULTURE STANDARD DWG. NO.

SOIL CONSERVATION SERVICE |ES-28

SHEET | OF |

ENGINEERING STANDARDS UNIT paTE  5- 23-50




STRUCTURAL DESIGN: MOMENTS IN DOUBLE BARREL

A A Y A

Assumptions:
/. - Lloools ornd Frame ore

l

: symmetrico/! abou?

| center /ine of frome.
|

|

|

{
________ 4 |+

2.- The anal/ysis /s based
on center /line dimen-
N\ pd
P P e 7 0 s/ons.
' fj - The effect of small
£ = fillets /s neglected.

Mop =M42 +2m /U,F-n é/;)
F
Moo My * m (VE-0US)  4on s

5
_ s F £ F
Met =Meg + m (U -nly) Lops B
Mee = Mp +2m (U -nUf) z "z
3
Mob *Mar=0; Mey * Mg = O; £ - - 7-?) Li"
Ky w
Vpe = Mo =O. c
T glcr)E-1
Sign Convention - A moment
octing in @ clockwise n=2(c+s)
girection on a joint is £ £ £
positive. Ug = M,ca * Mg,
ya ab *M

m(l | aé:ﬂ Nomenclalture:

Myp=Moment ot end "a" of
member ‘ab”

Coution: Use proper sign Myp= Frxed end /770/77c?ﬂ)‘ ar
of fFixed end moments end ‘a"of member ‘b’

when subs/ituting them Uy = Algebraic sum of Fired
/n the given egquotions. ena moment's at _joint o =

unbalonced frxed end
moment of a.
Ky = Stiffness of wai..
Ks = Stiffness of s/ob.

REFERENCE U. S. DEPARTMENT OF AGRICULTURE STANDARD DWG. NO.

SOIL CONSERVATION SERVICE | ES-29

SHEET I OF |
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STRUCTURAL DESIGN : Cortesian grid point designation system,
positive sign convention, symbols and nomenclature

0.5b ¢ C.5b -
Origin
Free v |/
T T T LT T T T
I | ’+)( I
[
x=0.2a/0———<f>———4>-——<#-—-<>-' - -—é———#—l —*{F—‘({P——(?
! | | | | |
7 | 7
i e e S SR SR SRS
7 | | | | | | [ o
[
e s S S S SR S S S SR
l I | | | I I I 7
7
T, S T S SRS S S S S S -
| | | I | I | 7
N D U D S N N VD S 7
57////2’/ L i il
0 £ Ke] 0 n 0 Ea) 0 o fa]
0 < M N = — o M < 0
o o o o o o] o c o o
] I I 1 1 (@ + + ¥ F ¥
M

CARTESIAN GRID POINT DESIGNATION SYSTE

SYMBOLS AND NOMENCLATURE

Y

+X

POSITIVE SIGN CONVENTION

vertical dimension of
fixed slab, ft

1l

horizontal dimension of
fixed slab, ft

vertical moment, 1b ft/ft

horizontal moment,
1b ft/ft

intensitz of pressure,
1bs/ft

shearing reactions per
unit length acting nor-
mal to the plane of the
slab, lbs/ft

weight, lbs/ft2

rectangular coordinates
in the plane of the
slab

SNNEN = fixed edge

XY

REFERENCE

U. S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

ENGINEERING DIVISION-DESIGN SECTION

STANDARD DWG. NO.
£s-104

sHEeT 1 oF 85

DATE 4-13-56




STRUCTURAL DESIGN : Rectangular slabs with hydrostatic load;
coefficients for vertical moment, My, at fifth points on vertical
slice y=0

Vertical moment determines tension in vertical steel
My = [Moment coefficient:]x pa?
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STRUCTURAL DESIGN : Rectangular siabs with hydrostatic load;
coefficients for vertical moment, My, at fifth points on vertical

slice y=%0.Ilb

Vertical moment determines tension in vertical steel
My = [Moment coefficient]; pa2
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STRUCTURAL DESIGN : Rectangular slabs with hydrostatic load;
coefficients for vertical moment, My, at fifth points on vertical
slice y=10.2b

Vertical moment determines tension in vertical steel
My = [Moment coefficient]x pa?
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STRUCTURAL DESIGN : Rectangular slabs with hydrostatic load;
coefficients for vertical moment, My, at fifth points on vertical
slice y=¥0.3b

N

Vertical moment determines tension in vertical steel
My = [:Momen'r coefficienﬂx pa?
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STRUCTURAL DESIGN : Rectangular slabs with hydrostatic load;
coefficients for vertical moment, My, at fifth points on vertical

slice y=10.4b
Vertical moment determines tension in vertical steel
My = |Moment coefficient|, pa?
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STRUCTURAL DESIGN : Rectangular slabs with hydrostatic load;
coefficients for vertical moment, My, at fifth points on vertical
slice y=* 0.5b
Vertical moment determines tension in vertical steel

My = I:Moment coefficienﬂx pa?
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STRUCTURAL DESIGN: Rectangular slabs with hydrostatic
load; coefficients for horizontal moment, My, at tenth
points on horizontal slice. x=0

Horizontal moment determines tension in horizontal steel
My= [Moment coefficient]y pa?
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STRUCTURAL DESIGN:

Rectangular slabs with hydrostatic

load; coefficients for horizontal moment, My, at tenth
points on horizontal slice. x=0.2a

Horizontal moment determines tension in horizontal steel

My= [Moment coefficient]y pa?

ENGINEERING DIVISION - DESIGN SECTION
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STRUCTURAL DESIGN: Rectangular slabs with hydrostatic
load; coefficients for horizontal moment, My, at tenth
points on horizontal slice. x= O.4a

Horizontal moment determines tension in horizontal steel
My= [Moment coefficient]y pa?
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STRUCTURAL DESIGN: Rectangular slabs with hydrostatic
load; coefficients for horizontal moment, My, at tenth
points on horizontal slice. x=0.6a

Horizontal moment determines tension in horizontal steel
My= [Moment coefficient]y paz
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STRUCTURAL DESIGN: Rectanguiar slabs with hydrostatic
load; coefficients for horizontal moment, My, at tenth
points on horizontal slice x=0.8a

Horizontal moment determines tension in horizontal steel
My= [Moment coefficient]y pa2
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STRUCTURAL DESIGN: Rectangular slabs with hydrostatic
load; coefficients for horizontal moment, My, at tenth
points on horizontal slice. x= a

Horizontal moment determines tension in horizontal steel
My= [Moment coefficient], pa?
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STRUCTURAL DESIGN : Rectangular slabs with hydrostatic load;
coefficients for shear at fifth points on fixed side edges
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STRUCTURAL DESIGN : Rectangular slabs with hydrostatic
load ; coefficients for shear at tenth points on fixed bottom

edge x = a

Shear = [Shear coefficiend] pa

le_0Bb . 0S5b _,
| I/Origin

r -4y
ol o
»®
I P
Lo

| R 4050
+X ot 1]
\i * 0 £ 't 0'\b 1 =

— Ly ] O

e = 1l

| 0 - >

= ’,\;O.‘/Z

- y° . —+040 ©

A" ‘ [ h

o g - 8

// < 6‘0 I :

YA "\;O" ] E

A y o

A -

// =

4 +030

A/ A o

' 4 [(}]

9 X

f/ = - *

A | o

i » d i - 0 (A C

> 7 /// " :-‘\; /. +O.20 %

/ A 1

7 Zan @

L

/ ’/ s :--

+0.10 o

3

P ] -

— [~ - D

= - @

. =
T = I(j) |

= ¢]
St T y :to_ sb
~0.05
0.25 0.5 1.0 1.5 b 2.0 2.5 3.0
Ratio T X =q
REFERENCE STANDARD DWG. NO.
U. S. DEPARTMENT OF AGRICULTURE

U. S. Bureau of Reclamation photoelastic ES]_O4

analysis unmt report No. 30, December 1954 SOIL CONSERVATION SERVICE
sHEeT 15 oF 85

ENGINEERING DIVISION - DESIGN SECTION | DATE __8-1-55




STRUCTURAL DESIGN : Rectangular slabs with 2/3 hydrostatic

load ; coefficients for vertical moment, My, at fifth points on
vertical slice y=0

Vertical moment determines tension in vertical steel

My = [Moment coefficient]y pa?
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STRUCTURAL DESIGN : Rectangular slabs with 24 hydrostatic

load; coefficients for vertical moment, My, at fifth points on
vertical slice y=% O.1b

Vertical moment determines tension in vertical steel
My = [Moment coefficient]y pa2
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STRUCTURAL DESIGN : Rectangular slabs with 2/3 hydrostatic
load; coefficients for vertical moment, My, at fifth points on
vertical slice y=*0.3b

Vertical moment determines tension in vertical steel

My = [Moment coefficient]y pa2
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STRUCTURAL DESIGN : Rectangular slabs with %4 hydrostatic
load ; coefficients for vertical moment, My, at fifth points on
vertical slice y=*04b

Vertical moment determines tension in vertical steel

My = [Moment coefficient]y pa2
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STRUCTURAL DESIGN : Rectangular slabs with %4 hydrostatic
load ; coefficients for vertical moment, My, at fifth points on
vertical slice y=*05b

Verfical moment determines tension in vertical steel
My = [Moment coefficient]y pa2
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STRUCTURAL DESIGN : Rectangular slabs with 24 hydrostatic
load, coefficients for horizontal moment, My, at tenth points
on horizontal slice x= Q

Horizontal moment determines tension in horizontal steel
My = [Moment coefficien_ﬂy pa2
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analysis unit report No. 30, December 1954
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STRUCTURAL DESIGN : Rectangular slabs with 2/4 hydrostatic
load; coefficients for horizontal moment, My, at tenth points

on horizontal slice x=0.2a

Horizontal moment determines 'fensé'c;rg in horizontal steel
My = [Moment coefficient], pa?
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.on horizontal slice

STRUCTURAL DESIGN : Rectangular slabs with 24 hydrostatic
load; coefficients for horizontal moment, My, at tenth points

x = 0.4a

Horizontal moment determines tension in horizontal steel
My = [Moment coefficienﬂy pa2
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STRUCTURAL DESIGN : Rectangular slabs with 24 hydrostatic
load; coefficients for horizontal moment, My, at tenth points
on horizontal slice x = 0.6a

Horizontal moment determines tension in horizontal steel

My = [Moment coefficient], pa?
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STRUCTURAL DESIGN : Rectangular slabs with 2/ hydrostatic
load; coefficients for horizental moment, My, at tenth points
on horizontal slice x =0.8a

Horizontal moment determines tension in horizontal steel
My = [Moment coefficient], pa?
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STRUCTURAL DESIGN : Rectangular slabs with 2/ hydrostatic
load; coefficients for horizontal moment, My, at tenth points

on horizontal slice x=a

Horizontal moment determines tension in horizontal steel

My = [Moment coefficient], pa
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STRUCTURAL DESIGN : Rectangular slabs with 3 hydrostatic
load; coefficients for shear at fifth points on fixed side
edges y =£0.5b

Shear = [Shear coefficient] pa

o
0
o
1
>
- i ] I c
xS
. =% 0.60 ] 0I5 2
A - O
A - [18)
/1 w
Vi -
// ] x‘= 0'80 - _6
. T ©
1T +—
S x= 0.4q +010 &
- 0. 20 Tt o
/| m c
V T £2
- T > bt O
|
: . ] *,_0 +0.05 @
A ] - -9
3 g z s
Pl L]
[1}]
/// ,// - o
K L o
= d T - ,‘:_E =TT —
S& = —~ Se= 0 o
Q
1 & B
: -0pg2 12
025 0.5 1.0 1.5 2.0 2.5 3,0
. b
Ratio §
Q.5b 0.5b
y=-0.5b y=0.5b
L (\/Ongm i —y
e
o
A % .
4 |
Fa
i 4
f T /‘ 77 7
p
+X
y=%0.5b
REFERENCE STANDARD DWG. NO.

U. S. Bureau of Reclamation photoelastic
analysis unit report No. 30, December 1954

U. S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

ENGINEERING DIVISION - DESIGN SECTION

ES-104

sHEeT 28 oF 85

DATE

_8-1-55




STRUCTURAL DESIGN : Rectangular slabs with 23 hydrostatic
load ; coefficients for shear at tenth points on fixed

bottom edge x=a

Shear = [Shear coefficient] pa
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STRUCTURAL DESIGN : Rectangular slabs with !4 hydrostatic
load ; coefficients for vertical moment, My, at fifth points
on vertical slice y =0

Vertical moment determines tension in vertical steel
My=[Moment coeff'icienﬂx pa?
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STRUCTURAL DESIGN : Rectangular slabs with Y hydrostatic
load ;, coefficients for vertical moment, My, at fifth points
on vertical slice y =% O.lb

Vertical moment determines tension in vertical steel
My=[Moment coefficient], pa?
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STRUCTURAL DESIGN : Rectangular slabs with Y& hydrostatic
load ; coefficients for vertical moment, My, at fifth points
on vertical slice y=¥02b

My=[Moment coefficient], pa?

Vertical moment determines tension in vertical steel

analysis unit report No. 30, December 1954
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STRUCTURAL DESIGN : Rectangular slabs with ! hydrostatic
load; coefficients for vertical moment, My, at fifth points
on vertical slice y =1 0.3b

Vertical moment determines tension in vertical steel
Mx=[Momen'r coe'ﬁ‘icienﬂx paz
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STRUCTURAL DESIGN : Rectangular slabs with Y4 hydrostatic
load coefficients for vertical moment, My, at fifth points
on vertical slice y =+ 0.4b

Vertical moment determines tension in vertical steel

My=[Moment coefficient], pa?
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STRUCTURAL DESIGN : Rectangular slabs with Vs hydrostatic

load; coefficients for vertical moment, My, at fifth points
on vertical slice y =¥ 0.5b

Vertical moment determines tension in vertical steel
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STRUCTURAL DESIGN : Rectangular slabs with Y3 hydrostotic
load ; coefficients for horizontal moment, My, at tenth points
on horizontal slice x =0

Horizontal moment determines tension in horizontal steel
My = [Moment coefficient]y pa®
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STRUCTURAL DESIGN : Rectangular slabs with Y5 hydrostatic
load; coefficients for horizontal moment, My, at tenth points
on horizontal slice x =0.2q

Horizontal moment determines tension in horizontal steel
My = [Moment coefficient]y pa?
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STRUCTURAL DESIGN : Rectangular slabs with Y hydrostatic
load; coefficients for horizontal moment, My, at tenth points
on horizontal slice x =0.4a

Horizontal moment determines tension in horizontal steel
My = [Moment coefficient)y pa®
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STRUCTURAL DESIGN : Rectangular slabs with Y hydrostatic
load; coefficients for horizontal moment, My,at tenth points
on horizontal slice x = 0.6a

Horizontal moment determines tension in horizonta! steel
My =[Moment coefficient], pa
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STRUCTURAL DESIGN : Rectangular slabs with Yz hydrostatic
load; coefficients for horizontal moment, My, at tenth points
on horizontal slice x =0.8a

Horizontal moment determines tension in horizontal steel
My = [Moment coefficient]y pa®
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STRUCTURAL DESIGN : Rectangular slabs with Ys hydrostatic
load; coefficients for horizontal moment, My, at tenth points
on horizontal slice x=a

Horizontal moment determines tension in horizontal steel
My = [Moment coefficient]y paZ
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STRUCTURAL DESIGN: Rectangular slabs with l/3 hydrostatic load;

.coefficients for shear at fifth points on fixed side edges
y =20.5b

Shear = [Shear coefficient] pa
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STRUCTURAL DESIGN: Rectangular slabs with I/3 hydrostatic load;
coefficients for shear at tenth points on fixed bottom edge

X=a
Shear = [Sheor coefficienﬂ pa
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STRUCTURAL DESIGN : Rectangular slabs with uniform load;
coefficients for vertical moment, My, at fifth points on
vertical slice y=0

Vertical moment determines tension in vertical steel

U. S. Bureau of Reclamation photoelastic
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My = [Moment coefficient|y pa?
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STRUCTURAL DESIGN : Rectangular siabs with uniform load;

coefficients for vertical moment, My, at fifth points on

vertical slice y=+0Q.|b

Vertical moment determines 'rensuon in verhcol steel

My = [Moment coefficient] x pa®
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STRUCTURAL DESIGN : Rectangular siabs with uniform load;
coefficients for vertical moment, My, at fifth points on
vertical slice y=120.2b

Vertical mocment determines tension in vertical steel

My = |[Moment coefficienﬂ x pa®
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STRUCTURAL DESIGN : Rectangular slabs with uniform load;
coefficients for vertical moment, My, at fifth points on
vertical slice y=+0.3b

Vertical moment determines tension in vertical steel
My = [Moment coefficienﬂ x pa®
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STRUCTURAL DESIGN : Rectangular slabs with uniform load;
coefficients for vertical moment, My, at fifth points on
vertical slice y=1+0.4b

Vertical moment determines tension in vertical steel
My = [Moment coefficient|, pa?
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STRUCTURAL DESIGN : Rectangular slabs with uniform load;
coefficients for vertical moment, My, at fifth points on
vertical slice y=+0.5b

Vertical moment determines tension in vertical steel
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My = [Moment coefficient|x pa?
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STRUCTURAL DESIGN : Rectangular slabs with uniform load;
coefficients for horizontal moment, My, at tenth points
on horizontal slice x =0

Horizontal moment determines tension in horizontal steel

My = [Moment coefficient], plo?
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STRUCTURAL DESIGN : Rectangular slabs with uniform load;
coefficients for horizontal moment, My, at tenth points
on horizontal slice x =0.2a

Horizontal moment determines fension in horizontal steel
My = [Moment coefficient]y pa?
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STRUCTURAL DESIGN : Rectangular slabs with uniform load;
coefficients for horizontal moment, My, at tenth points
on horizontal slice x=0.4a

Horizontal moment determines tension in horizontal steel

My = [Momgn»tr cqefficienﬂy pa2
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STRUCTURAL DESIGN : Rectangular slabs with uniform load |
coefficients for horizontal moment, My, at tenth points
on horizontal slice x =Q.6aq

Horizontal moment determines tension in horizontal steel
My = [Moment coefficient]y pa?
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STRUCTURAL DESIGN : Rectangular slabs with uniform load;
coefficients for horizontal moment, My, at tenth points
on horizontal slice x =0.8a

Horizontal moment determines tension in horizontal steel

My = [Moment coefficienﬂy pa?
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STRUCTURAL DESIGN : Rectangular slabs with uniform load;
coefficients for horizontal moment, My, at tenth points

on horizontal slice

X=aq

Horizontal moment determines tension in horizontal steel

My = [Moment coefficient]y pa?
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STRUCTURAL DESIGN: Rectangular slabs with uniform load,;
coefficients for shear at fifth points on fixed side edges
y=£0.5b

Shear = [Sheor coefficient__\ pa
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STRUCTURAL DESIGN: Rectangular slabs with uniform load
coefficients for shear at tenth points on fixed bottom edge
X =a

Shear = [Shear coefficient] Pa
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STRUCTURAL DESIGN: Rectangular slabs with 2 uniform load,

coefficients for veirtical moment, My, at fifth points on
vertical slice y=0

Vertical moment determines tension in vertical steel
My = [Moment coefficiently pa?
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STRUCTURAL DESIGN: Rectangular slabs with 2/ uniform load;

coefficients for verncal moment, My, at fnffh points on
vertical slice y-=

My = I:Momem‘ coeffucnen]x pa2

Vertical moment determines tension in vertical steel
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‘] U. S. Bureau of Reclamation photoelastic

STRUCTURAL DESIGN: Rectangular slabs with 2 uniform load;

coefficients for vertical moment, My, at fifth points on
vertical slice y= *0.2b

Vertical moment determines tension in vertical steel
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My = [Moment coefficiently pa?
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STRUCTURAL DESIGN: Rectangular slabs with 2/3 uniform load;
coefficients for vertical moment, Mx, at fifth points on
vertical slice y= +0Q.3b

Vertical moment determines tension in vertical steel
My = [Moment coefficient]y pa?
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STRUCTURAL DESIGN: Rectangular slabs with 2 uniform load,
coefficients for vertical moment, My, at fifth points on
vertical slice y=£0.4b

Vertical moment determines tension in vertical steel
My = -EMomen’r coefficiently pa2
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STRUCTURAL DESIGN: Rectangular slabs with 24 uniform load;

coefficients for vertical moment, Mx, at fifth points on
vertical slice y= £ 0.5b

Vertical moment determines tension in vertical steel
My = [Moment coefficient]y pa?
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STRUCTURAL DESIGN: Rectangular slabs with %z uniform load;
coefficients for horizontai moment, My, at tenth points on
horizontal slice x=0

Horizontal moment determines tension in horizontal steel
My = [Moment coefficient]y pa?
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horizontal slice x = 0.2a

STRUCTURAL DESIGN : Rectangular slabs with %3 uniform load:
coefficients for horizontal moment, My, at tenth points on

Horizontal moment determines tension in horizontal steel
My = [Moment coefficient]y pa?
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STRUCTURAL DESIGN: Rectangular slabs with 2/3 uniform load;
coefficients for horizontal moment, My, at tenth points on
horizontal slice x = 0.4a

Horizontal moment determines tension in horizontal steel

My = [Moment coefficient]y pa?
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STRUCTURAL DESIGN : Rectangular slabs with 2 uniform load;
coefficients for horizontal moment, My, at tenth points on

horizontal slice x= 0.6a

Horizontal moment determines tension in horizontal steel
My = [Moment coefficient]y pa?
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STRUCTURAL DESIGN : Rectangular slabs with %z uniform load;
coefficients for horizontal moment, My, at tenth points on
horizontal slice x = 0.8a

Horizontal moment determines tension in horizontal steel
My = [Moment coefficient]y pa?
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slice x =

a

STRUCTURAL DESIGN : Rectangular slabs with %3 uniform load:
coefficients for horizontal moment, My, at tenth points on
horizontal

Horizontal moment determines tension in horizontal steel
[Moment coefficient]y pa?
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STRUGCTURAL DESIGN: Rectangular slabs with 2/3 uniform load;
Coefficients for shear at fifth points on fixed side edges
y=+0.5b

Shear = [Sheor coefficienﬂ pa

]
X =0, -1
x = i —~— =11 r—r~1—4° ——173+0.40
T B — X= v |
// P = 0, 6q e
/ ,/ I e l-‘)'
// // S?'
Va -
qQ =
AT {320-220 "
/A - ={+0.30
7 |
. o
©
A » : 3
4 /] ’JO/ -—
I P 4 5
g = pd +0.20 :_f
A 7 SN » ,/ . a__’
o u 4 -
44 : z g
/ p, ino- 8q O
// ,/r s ._o_
Vi Y v +0.10
7 -
c
2
(&)
I~ ’/ ;‘:
A Vsl Y
I Vi @
= " o
] - [~ r O C:
g K P
~ n - 11 | 8
i T iX=qa; ! £
- i 1 005 n
025 0.5 0.1 1.5 2.0 2.5 30
Ratio &
0.5b 0.5b
y=-0.5b B y=0.5b
Origin
i G J —_ﬂ_—' +y
t
TE o
a
o
‘L 1
‘ o e /////f// S
+X
y=+0.35b
REFERENCE STANDARD DWG. NO.
U. S. DEPARTMENT OF AGRICULTURE
U, S. Bureau of Reclamation ES-104
phaotoelastic analysis unit report No. 30, SOIL CONSERVATION SERVICE

December 1954

sneet_10_ oF 85

ENGINEERING DIVISION - DESIGN SECTION |pre = goyss




STRUCTURAL DESIGN : Rectangular slabs with 2/ uniform load |
coefficients for shear at tenth points on fixed bottom edge
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STRUCTURAL DESIGN : DESIGN EXAMPLE ;
Dimensions and design loads

DESIGN EXAMPLE

This is strictly an academic example and is only ccmplete insofar as it illustrates the
use of the Moment and Shear curves of ES-104. The following figure shows the essential
dimensions and possible loads on the interior panel of a counterforted retaining wall.

Both the wall slab and the heel slab approximate a plate fixed on three edges and free

on the fourth. Center line dimensions have been used for both slabs,
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STRUCTURAL DESIGN : DESIGN EXAMPLE ;
Componenf wall slab loads

T
®
1§
i g
O [
= .
(@]
T I
9
7| & =
1\ \
' \ 1 \
i 5 Pe i Pp |
Water Surcharge Earth I Pore Pressure’
Load Load Load Load
COMPONENT WALL SLAB LOADS
p, = wh = (62.4)(6.33) = 395 1bs/ft?
p, = wh = (65)(2) = 130 lbs/ft>
Pe = wh = (65)(19) = 1235 1bs/ft2
pp = wh = (20)(14.5) = 290 1bs/rt®
pa = (0.395)(19) = 7.5 kips/ft
p.a = (0.130)(19) = 2.5 kips/ft
pea = (1.235)(19) = 23.5 kips/ft
P8 = (0.290)(19) = 5.5 kips/ft
p 2% = (0.395)(19)% = 142.6 £t kips/ft
p.a® = (0.130)(19)® = 46.9 ft kips/rt
Pea” = (1.235)(19)% = L45.8 £t xips/ft
pa” = (0.290)(19)% = 10k.7 £t kips/rt
b 1h
219" 0.757
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STRUCTURAL DESIGN : DESIGN EXAMPLE ;

Vertical moments (Mx) in wall slab

Values Moment Coefficients
? k6.9 hhs .8 104.7 Moments (ft kips) Total
x . Moment
N Py Pe 7y M, M, M, | (£t xips)

0 0 0 0 0 0 0 o}

o | 0.2| - + 0.0045] + 0.0008| — 0.0004 0.01] + + 0.3 —0.04 | + 0.54

o | 0.4 ~ + 0.0065] + 0.0030| + 0.0013 0.03] + + 1.34 + 0% + 1.81

0 | 0.6]+ + 0.0085] + 0.0060| + 0.00k9 0.07] + + 2,671 +0.50] + 3.51

0 |0.8] + + 0.0048] + 0.0053| + 0.0051] — 0.4o| + +2.36| + 0.53 | + 2.72

o | L.0]| - - 0.0280| — 0.0200| — 0.0170 1.11} - -8.921 —1.78 | - 10.90
+ 0.1 o} 0 0 0 0 0 0
£ 0.1| 0.2} - + 0.00%0| + 0.0007} — 0.0003 0.0L} + + 0.31) - 0.03| + 0.48
+ 0.1) 0.4] - + 0.0055| + 0.0026) + 0.0013 0.03| + + 1.6] + 0.1% | + 1.59
+ 0.1]1 0.6] + + 0.0080| + 0.0058] + 0.0045 0.07| + + 259 + 0.7 ] + 3.37
+ 0.1]| 0.8} + + 0.0045| + 0.0048{ + 0.0047 0.37| + + 2,14 + 049 | + 2.47
* 0.1 1.0| - - 0.0251{ — 0.0185| — 0.0160 1.07| - ~ 8.251 - 1.68 | — 10.04
£ 0.2 o] 0 0 0 0 0 0 0
t 0.210.2] - ¥+ 0.0020| + 0.0001| — 0.0004 0.01] + 0.10| + 0.0k} — 0.0k | + 0.11
*0.2]0.4] - + 0.0030| + 0.0019] + 0.0008 0.05] + 0.14f + 0.85| + 0.08 | + 1.10
* 0.2]0.6]+ + 0.0060] + 0.004%0| + 0.0033 Q.04 + 0.281 + 1.78| + 0.35 | + 2.37
+*0.210.8] + + 0.0030 ! + 0.0038| + 0.0038 0.31] + 0.14 | + 1.69] + 0.4%0 | + 1.92
£ o0.2|1.0]|- - 00,0200 — 0.0150} — 0.0130 0.90| —0.94| —6.69| -—1.36 | — 8.09
£ 0.3 0 0 0 0 0 o) 0 0
* 0.3] 0.2 — 0.0005| — 0.0003| — 0.0004 0.01| - 0.02| -0.13| -~ 0.04 | — 0.18
+ 0.5| 0.4 + 0.0010} + 0.0005| + 0.000L 0.03| + 0.05| + 0.22| + 0.01 | + 0.31
£ 0.3]|0.6 + 0.0021| + 0.0019| + 0.0016 0 + 0.0+ 0.85}+ 0.7} + 1.12
* 0.3] 0.8 + 0.0019 | + 0.0021| + 0.0022| - 0.20| + 0.09| + 0.94| + 0.23 | + 1.06
£ 0.3]1.0 - 0.0130 | — 0.0095| — 0.0085| + 0.63| —0.61| ~ 4.2k —-0.80 | - 5.11
* 0.4 0 0 o 0 0 0 0 0
* 0.4]0.2 — 0.0041} - 0.0012| — 0.0007{ + 0.01 0.19 0.53 —0.07 | -~ 0.78
* 0.kj 0.k — 0.00% | — 0.0013] — 0.0009{ + 0.03 0.17 0.58] —0.09 | — 0.81
+ 0.k 06 - 0.0026 | — 0.0009| — 0.00061 + 0.0k 0.12 ool —0.06 | - 0.54
*0.4]0.8 - ¢.0010| — 0.000L| + 0.0001 | ~ 0.0k 0.05 0.0k + 0.01 | — 0.12
o4 1.0 — 0.0050 | = 0.0038| — 0.0035| + 0.29 0.23 1.69|-0.37 | - 2.00
£ 0.5 0 0 0 0 0 0 0 0
* 0.5} 0.2 - 0.0092 | — 0.0022| — ©.0010 | + 0.01 0.43% 0.98| - 0.10 | = 1.50
+ 0.5] 0.4~ — 0.0087 | — 0.0034% | - 0.0021 | + 0.03 0.41 1.52]| —0.22 | — 2.12
+0.5]0.6]|- — 0.0072 | — 0.0042| — 0.0031 | + 0.09 0.%4 1.871 - 0.32 | = 2.4k
+0.5{0.8]| - - 0.0040 | — 0.0028 | — 0,002k | + 0.1k 0.19 1.25|—-0.25 1 — 1.55
*0.5)1.0 0 0 0 0 0 0 0 0

REFERENCE

U. S. DEPARTMENT OF AGRICULTURE
SOIL. CONSERVATION SERVICE

ENGINEERING DIVISION - DESIGN SECTION

" STANDARD DWG. NO.

ES-104

SHEET 74 OF 85

DATE 4 -13-56




STRUCTURAL DESIGN ; DESIGN EXAMPLE )
Horizontal moments (My) in wall slab

Values Moment Coefficients
paf—p| - 1h2.6 L6 .9 ks 8 104 .7 Moments {ft kips)
Total
% Moment,
= % By P, Pe v, M, M, M, My (ft kips)
0 0 + 0.0001f + 0.0240| + 0.0040 | + 0.0018( - 0.01| + 1.13| + L.78| + 0.19| + 3.09
0|t 0.1 0 + 0.0200| + 0.0035 | + 0.001k 0 + 094 + 1.56] + 0.15| + 2.65
0+ 0.2 0 + 0.0120| + 0.0020 | + 0.0007 0 + 056 + 0.89| + 0.07| + 1.52
0|t 0.3 0 — 0.0020| ~ 0.0010 | — 0.0004 0 ~— 0.09]| — 0.45| —c.04| — 0.98
o[ ok 0 — 0.0210% — 0.00%0 | = 0.0016 0 - 0.98] - 1.78| —0.17| - 2.9%
0% 0.5 0 - 0.0470 | = 0.0070 | - ©.002k 0 — 2.20| = 3.12| = 0.25| - 5.57
0.2/* 0 + 0.0002 + 0.0230 | + 0.0060 | + 0.0030| — 0.03] + 1.08| + 2.67| + 0.3L| + 4%.03
0.2[% 0.11 + 0.0002] + 0.0200| + 0.0050 | + 0.0025| — 0.03} + 0.94| + 2.25| + 0.26 | + 3.4o
0.2|% 0.2{ + 0.0001| + 0.0130| + 0.0030 [ + 0.0014| — 0.01| + 0.61| + 1.34[ + 0.15| + 2.09
0.2+ 0.3 — 0.0001| — 0.0010 | = 0.0010 [ ~ 0.0005| + 0.01{ — 0.05| — 0.4b5| = 0.05 | — 0.5k
0.2[% 0.4] ~ 0.0002| - 0.0200]— 0.0050 | — 0.0026| + 0.03] — 0.9k | - 2.25| = 0.27| - 3.1
0.2]% 0.5 0.0003| — 0.0%80 | — 0,0115 0.0053| + 0.0k —2.25| - 5.13| - 0.55 7.89
0.4 © + 0.0006| + 0.0220 | + 0.0085 [+ 0.0052| — 0.09| + 1.03| + 3.78| + 0.55 | + 5.27
O.4* 0.1 + 0.0005| + 0.0190 | + 0.0075 |+ 0.0047| — 0.07| + 0.8 | + 3.34| 4 0.450 | + L.65
0.4{£ 0.2 + 0.0002| + 0.0120 | + 0.0048 |+ 0.0030| — 0.0%| + 0.56 | + 2.14%| + 0.%31 | + 2.98
0.4+ 0.3] = 0.0001| ~ 0.0010 o} — 0.0001| + 0.0L{ - 0.05 0 - 0.01 | - 0.05
0.4+ 0.4 — 0.0006| — 0.0180 | — 0.0072 [ - 0.00k5| + 0.09] —0.84 | = 3.01 | - 047 — L.43
0.4]+ 0.5| - 0.0010 0.0450 | = 0.0176 |- 0.0106| + 0.14} —2.11 | - 7.85| -~ 1.21 | - 10.93
0.6 0 + 0.0013| + 0.0183 | + 0.0097 |+ 0.0073| — 0.19| + 0.86 | + 4.32| + 0.76 | + 5.75
0.6{%+ 0.1] + 0.0012| + 0.0163 | + 0.0088 |+ 0.0067| — 0.17| + 0.76 { + 3.92| + 0.70 | + 5.21
0.61% 0.2] + 0.0007| + 0.010k | + 0.0060 |+ 0.0045| — 0.10| + 049 | + 2.67 |+ 047 | + 3.53
0.6]% 0.3 0 0 + 0.0007 |+ 0.0006 0 0 + 0.3+ 0.06 | + 0.37
0.6]x 04| — 0.0012| — 0.0150 |- 0.0077 |— 0.0056| + 0.27| — 0.70 | — 3.k3 | = 0.56 | — k4.55
0.6|* 0.5 — 0.0028 0.0370 |— 0.0207 [— 0.0154 | + 040 | — 1. 74 {~ 9,23 | - 1.61 | — 12.18
0.8 o + 0.0019 | + 0.0093 [+ 0.0060 [+ 0.0050| — 0.27 | + 0.4k |+ 267+ 0.52 | + 3.36
0.8[+ 0.1 + 0.0018| + 0.0084 [+ 0.0056 |+ 0.0048| —0.26| + 0.39 |+ 2.50 | + 0.50 | + 3.13
0.8/t 0.2 + 0.0016 | + 0.0058 [+ 0.00k2 |+ 0.0036| — 0.23| + 0.27 |+ 1.87 | + 0.38 | + 2.29
0.8]* 0.3] + 0.0008 [ + 0.0008 [+ 0.0012 |+ 0.0012] ~ 0.11| + 0.0% |+ 0.55 | + 0.13 | «+ 0.59
0.8[* 0.4 | — 0.0011| — 0.0074 [~ 0.0045 |- 0.0036 | + 0.16 | — 0.35 |- 2.0L |- 0.38 | — 2.58
0.8|x 0.5 0.0051 | — 0.0210 |- 0.0145 0.0123 | + 0.73 | — 0.98 |- 6.46 | — 1.29 8.00
1 o) — 0.0016 | — 0.0059 [— 0.0040 |— 0.0034% | + 0.23 | - 0.28 |- 1.78 [-0.36 | -= 2.19
1 i+ 0.1|-0.0015|— 0.0055 [— 0.0038 |- 0.00%32|+ 0.21 |~ 0.26 |—1.690 |- 0.34 | — 2.08
1[* 0.2 0.0013 | — 0.00%3 |~ 0.003C |— 0.0026 | + 0.15 | — 0.20 |— 1.34 [—0.27 | = 1.62
1 [+ 0.3]~-0.0009| - 0.0027 |- 0.0020 |- 0.0017 |+ 0.13|—0.13 |- 0.89 |- 0.18 | -~ 1.07
1 |* 0.4 |- 0.0004 | — 0.0010 |- 0.0008 |— 0.0007 |+ 0.06 |- 0.05 |- 0.36 |- 0.07 | = o0.kp
1 {* 0.5 0 0 0 0 0 0 0 0 0
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STRUCTURAL DESIGN : DESIGN EXAMPLE ;
Example of interpolation, horizontal and vertical moments

in wall slab

M = ENNESEEEEARS SN SRR ARARAS AR
Pt~ _sT Full Hydrostatic Load ;
[ I R | [ l
- - 0.76 Hydrostatic Load
& SEanauEnZ s SUNE
) 0 E=SSn SR
5 DS SRES
g 667 Hydrostatic Load < = =T
&
Q b,
Q
()
£ — 0,00 I~
e
- 0.010 I
[aY] 15 = 1Y
O . . - -
o o (@] (@]
-+l +l -+
Ratio y/b
EXAMPLE OF INTERPOLATION OF MOMENT COEFFICIENT (My)
FOR 0.76 HYDROSTATIC LOAD ALONG SECTION x = O
¢
x=0 5.57 - 2.93 = 0.58 & 1.52 + 2.65 & %.09
" 0.0 ‘:’ 0.0 T 0.0 ‘11’ T o.0
| | i
x = 0.2a"} 1-89 - 3.4 — 0.54 + 2.09 + 3.40 4.03
———————————————————————————— O
K 1.50 - 0.78 % 0.18 [+ 0.11 _(l:)I 0.48 + 0.5k
A i ! [
= —10.93 — 4.h3 - 0.05 + 2.98 + L.65 + 5.07
x=Oda g0 G- O R o D,
- 2.12 - 0.81 + 0.31 + 1.10 + 1.59 + 1.8
{ |
I
| I !
x=0.6ad-1218 A= h.55 a4+ 0.37 A 3.55 A4 5.2l 4v 5.5
Q- o bl — 0.54 {?’: 1.12 {?; 2.37 ﬁt 3.37 J>+ 3.51
[ | |
k- 0.8aA-8:00 =258 4059 4229 o+ 505 b 5.6
/<— 1.55 - 0.12 {:)i 1.06 {?i 1.92 {?i 247 @ 2.72
[
i |
B 0.0 — 0.42 ,L— 1.07 - 1.62 - 2 08 - 2.19
X = a 77 OO, /u/5/ll/ I\J/8109 /V/lool; ash 10.90
0.0 - - 8. - - 10.9
o o o o
+ + + + o
1] n il i i
= = ™ = e

HORIZONTAL AND VERTICAL MOMENTS IN ft kips/ft IN WALL SLAB

' Horizontal Moment .

'Vertical Moment
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STRUCTURAL DESIGN : DESIGN EXAMPLE ;
Vertical and horizontal moments in wall slab
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VERTICAL MOMENT (Mx) IN FT KIPS/FT
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STRUCTURAL DESIGN : DESIGN EXAMPLE |

Shears in wall slab
Values Shear Coefficients Shear
pa—= | — 7.9 2.9 23.5 5.5 (kips/ft) gﬁg:j
z * % Py Py Pe Py Sw Sg Se "p E:_Lf%g-
0o |* 0.5| - 0.00211 + 0.3650 | + 0.0160} — 0.0020| + 0.02| + 0.91| + 0.45] — 0.01| + 1.37
0.2 | 0.5| + 0.0001| + ©.3900| + 0.0850| + 0.0305 0.0 | + 0.981| + 2.00| + 0.17| + 3.15
ok 1+ 0.5] + 0.0035| + 0.3700| + 0.1500| + 0.0773| = 0.03| + 0.93| + 3.55} + 0.43] + 4.86
0.5 1+ 0.5| + 0.0215| + 0.3500 | + 0.2100{ + 0.1570] — 0.16| .+ 0.88] + h.ok| + 0.86] + 6.32
0.8 1% 0.5] + 0.0780| + 0.2150 | + 0.1690| + 0.31515| — 0.55| + 0.5% | + 3.97| + 0.83| + k75
1.0 | 0.3 + 0.0230 0.0 + 0.0100| + 0.014k| — 0.17 0.0 -| + 0.24| + 0.08] + 0.15
1.0l 04| + 0.0610] + 0.0320 | + 0.0480| + 0.052k] ~ 0.46 ]| + 0.08] + 1.13} + 0.29] + L.0b
1.0 |+ 0.3] + 0.1070| + 0.1670 | + 0.1480| + 0.1407| — 0.80| + 0.2 + 3.8 + 0.77| + 3.87
1.0+ 0.2] + 0.1310] + 0.2600] + 0.21% | + 0.1961] — 0.98| + 0.65]| + 5.05] + 1.08| + 5.80
1.01+ 0.1} + o.1lk2u | + 0.3200 | + 0.2510| + 0.2263] - 1.07| + 0.80 | + 35.90] + 1.24] + 6.87
1.0 0 0.1460 | + 0.3400 | + 0.26k0| + 0.23%6| — 1.10] + 0.85 | + 6.20| + 1.30| + 7.25
SHEAR® ALONG FIXED EDGES x = a AND y = + 0.5b TN WALL 5LAB
The magnitude and location of the maximum shear may readily be obtained from the above

table.
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STRUCTURAL DESIGN : DESIGN EXAMPLE ;
slab loads

Heel

HEEL SLAB

W = 32,710 1lbs

= 16,330 ]bs

=
=,
I [
L_EL, !
|
2.251
W = 32,710
Determine the total vertical load W.
Weight x lever arm = Moment
Wall Stem = 1 x 18 x 150 = 2,700 x 9.5 = 25,650
= 0.5 x 18 x 150 = 1,350 x 8.67 = 11,705
Footing = 2 x1h x 150 = 4,200 x 7 = 29,k00
Moist Earth = 8 x 20 x 125 = 20,000 x b = 80,000
= 0.5 x 18 x 125 = 1,125 x 8.33 = 9,370
= 1x2x125 = 250 x 8.5 = 2,125
Saturated Barth = 8 x 13.5 x 15 = 1,600 x b = 6,480
= 0.38 x 13.5 x 15 = 75 x 8.25 = 620
Counterfort = X ui5 X 22 = 10 x 8.17 = 80
E_E_l%ﬁé_E_EQ - 50 x 5.50 = 275
Water = bx5.33x62.4 = 1,330 x 12 = 15,960
M = 32,710 IM = 181,665
M 181,665
= —— = =2l
X =55 = 35,710 5.55 £t
Determine the horizontal load H.
5 - Weight x lever arm = Moment
Water - Z;éé_§5~—§L— = - 1,675 x 2.k = — k090
Surcharge = 130 x 20 = 2,500 x 10 = 25,000
207 x 65 -
Farth Load = == = 13,000 x 6.67 = 86,710
2
Pore Pressure Load = lz;ézri_%z = 2,405 x 5.17 = 12,435
W = 16,330 M = 121,055
_ (32, 7T10)(8.45) — (16,330)(7.41)
x! = 52,710 R
e = T7.00 — 4,75 = p2.25 ft
REFERENGE STANDARD DWG. NO.
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STRUCTURAL DESIGN : DESIGN EXAMPLE ;
‘Heel slab dimensions and component loads

]

(52 710)( (6)§i'25)) = U588 1bs/ft?

)6 %)
G- %)

o'l

Max Pressure —(

(32 2 {10 ( (6)§§‘25)) - 8k 1os/ft2

o=

Min Pressure —(

3002 1bs/ft?

he—

-
i
.
!

2979 1bs/ftZ
84 1bs/ft?

VL/

4588 1bs/ft®

Q_ Stem

HEEL SLAB LOAD DIAGRAM
p, = (4588 — Bh)(fﬁ) = 2895 1bs/ft®
p, = (20)(125) + (13.5)(15) + (2)(150) ~ 84 = 2918 1bs /£t
2 _ (2.895)(9)% = 23h.5 £t kips/ft
pye? = (2.918)(9)°

H

g
<

o

1]

236.4 ft kips/ft

i3
it

o
4 ¢
+x @
(@)
+ =
]
o
F ARy S S A ARy S S S RN Sy SN ANy AN SN AN A A 4 Net
b = 14-0 L__P_u___l Pv Load |
_ | v | |t |
IDEALIZED HEEL SLAB DIMENSIONS COMPONENT HEFI SLAB LOADS
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STRUCTURAL DESIGN

Moments (M) in heel slab

DESIGN EXAMPLE ;

Moment Coefficient
Values paZe 235, 4 - 2345 Moment (ft kips) Total
Moment
+ % 2 Dy Dy M, M, ft kips
0 0 0 0 0 0 )
0 0.2 + 00,0200 + 0.0070 + 473 — 1.64 + 5.09
0 0.4 + 0.0250 + 0.01he + 5,901 - 3,33 + 2.58
0 0.6 + 0.0130 + 0.01k2 + 3.07 - 3,33 ~ 0.25
0 0.8 — 0.0300 - 0.00L8 - 7.0% + 1.13 - 5.96
0 1.0 - 0.1290 - 0.0610 —30.50 + 14,50 -156.20
+ 0.1 0 0 0 0 0 0
£ 0.1 0.2 + 0.0180 + 0.0067 + Lb.26 ~-1.57 + 2.69
+ 0.1 0.4 + 0.0230 + 0.0138 + 5,44 - 3,24 + 2.20
+ 0.1 0.6 + 0.0120 + 0.0133 + 2.84 - 3.12 - 0.28
+ 0.1 0.8 - 0.0275 ~ 0.00k1 - 6.3 + 0.96 - 5.54
+ 0.1 1.0 - 0.1210 - 0.09575 —28.60 +13.48 -15.12
+ 0.2 0 0 0 0 0 0
0.2 0.2 + 0.0130 + 0.00k3 + 3.07 - 1.01 + 2.06
£ 0.2 0.4 + 0.0170 + 0.0105 + b op2 - 2.46 + 1.56
+ 0.2 0.6 + 0.0090 + 0.0117 + 2,13 — 2.7k - 0.61
+ 0.2 0.8 - 0.0220 - 0.0020 - 5.20 + 047 - L4.77
£ 0.2 1.0 - 0.0970 — 0.0482 - 22,03 +11.30 ~-11.6%
+ 0.3 0 0 0 0 0 0
+ 0.3 0.2 + 0.0030 + 0.0013 + 0.71 - 0.30 + 0.41
+ 0.3 0.4 + 0.0070 + 0.0059 + 1,65 - 1.38 + 0.27
+ 0.3 0.6 + 0.0048 + 0.0078 + 1.1% ~ 1.83 - 0.70
* 0.3 0.8 — 0.0133 - 0.0005 - 3.14 + 0.12 - 3.02
+ 0.3 1.0 - 0.0615 - 0.0335 —1k4. 54 + 7.86 - 6,68
+ 0.4 0 o} 0 0 0 0
+ 0.4 0.2 - 0.0117 - 0.0031 - 2.77 + 0.75 - 2.04
t 0.4 0.4 - 0.0072 - 0.0009 - 1.70 + 0.21 ~ 1.k9
+ 0.4 0.6 - 0.0038 + 0.0012 - 0.90 - 0.28 -1.18
£ 0.4 0.8 - 0.0068 — 0.0002 - 1.61 + 0.05 - 1.56
+ 0.4 1.0 - 0.0225 - 0.01k45 - 5.32 + 3.40 —-1.92
0.5 0 0 0 0 0 0
+ 0.5 0.2 - 0.0323 - 0.0091 — 7.64 + 2.1% - 5.51
* 0.5 0.4 - 0.02k9 — 0.0088 - 5.8¢ + 2,06 - 3.83%
+ 0.5 0.6 - 0.0160 - 0.0071 - 3.78 + 1.66 - 2.12
* 0.5 0.8 - 0.0058 - 0.0033 - 1.37 + 0.77 - 0.60
* 0.5 1.0 0 0 0 0 0
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STRUCTURAL DESIGN : DESIGN EXAMPLE ;
Moments (My) in heel slab

SOIL CONSERVATION SERVICE

ENGINEERING DIVISION - DESIGN SECTION

Moment Coefficient
Values pat—- 236 .4 - 234 .5 Moment (ft kips) Total
Moment

X )

0 0 + 0.08k0 + 0.0225 + 19.86 - 5.28 +14.58

0 * 0.1 + 0.0760 + 0.0195 + 17.97 - L4 ,57 +13.40
e £ 0.2 + 0.0500 + 0,0125 + 11.82 - 2.9% + 8.8¢

0 + 0.3 + 0.0030 - 0.0013 + 0.71 + 0.30 + 1.01
0 + 0.k — 0.0740 - 0.0206 - 17.49 + 4.8% -12.66
0 + 0.5 - 0.1880 — 0.0430 — Ll bk +10.08 -3k, 36
0.2 0 + 0.073%0 + 0.0212 + 17.26 — 4,97 +12.29
0.2 0.1 + 0.0650 + 0.0192 + 15.37 - L.,50 +10.87
0.2 + 0.2 + 0.0430 + 0.0126 + 10.17 - 2.95 + 7.22
0.2 + 0.3 + 0.0020 + 0.0007 + 0.hk7 - 0.16 + 0.31
0.2 + 0.h — 0.063%0 - 0.0182 - 1%.89 + ko7 —10.62
0.2 £ 0.5 - 0.1620 ~ 0.0452 - 38.30 +10.60 —-27.70
0.4 0 + 0.0570 + 0.0192 + 13.47 - 4.50 + 8.97
0.4 £ 0.1 + 0.0520 + 0.0178 + 12.26 - h.17 + 8.12
0.4 + 0.2 + 0.0350 + 0.0127 + 8.27 - 2.98 + 5.29
0.4 + 0.3 + 0.00k40 + 0.0028 + 0.94 - 0.0 + 0.28
0.4 + 0.k - 0.0470 — 0.0147 - 11.11 + 3,45 - 7.66
0.4 £ 0.5 - 0.1250 - 0.0439 - 29.55 +10.29 -19.26
0.6 0 + 0.0335 + 0.0137 + T.92 - 3,21 + 471
0.6 + 0.1 + 0.0308 + 0.013%0 + T7.28 - 3.05 + 4,23
0.6 + 0.2 + 0.0215 + 0.010k4 + 5.08 — 2.4 + 2,64
0.6 + 0.3 + 0.0035 + 0.00L40 + 0.83 - 0.94 - 0.11
0.6 + 0.4 - .0285 — 0.0090 - 6.73 + 2.11 - 4. 62
0.6 + 0.5 - 0.0805 - 0.03%2 - 19.03 + 8,25 -10.78
0.8 0 + 0.0045 + 0.0030 + 1.06 - 0.70 + 0.36
0.8 + 0.1 + 0.0041 + 0.003%0 +  0.97 - 0.70 + 0.27
0.8 + 0.2 + 0.0028 + 0.0028 + 0.66 - 0.66 0
0.8 + 0.3 - 0.0012 + 0.0016 - 0.28 - 0.38 - 0.66
0.8 + 0.k - 0.0112 ~ 0.0030 - 2.55 + 0.70 - 1.95
0.8 + 0.5 - 0.0292 - 0.0163 - 6.90 + 3.82 - 3,08
1.0 0 - 0.0260 - 0.0122 - 6.19 + 2.86 - 3.29
1.0 £ 0.1 — 0.02k2 - 0.0116 - 5.72 + 2,72 - 3,00
1.0 + 0.2 -~ 0.0193 - 0.0097 - L.,56 + 2.27 — 2.29
1.0 + 0.3 - 0.0123 — 0.0067 - 2.91 + 1.57 - 1,3k
1.0 * 0.k — 0.0045 - 0.0030 - 1.06 + 0.70 —~ 0.36
1.0 + 0.5 0 0 0 0 0
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STRUCTURAL DESIGN : DESIGN EXAMPLE ;
Moments (Mx) in heel slab
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STRUCTURAL DESIGN : DESIGN EXAMPLE

Moments (My) in heel slab
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STRUCTURAL DESIGN:
Moments and shears |n heel slab

y DESIGN EXAMPLE ;

o — 34,36 = 12.66 _+ 1.01 .+ 8.89 Lt 13.4%0 + 14.58
*= 0.0 7’ 0.0 T’ 0.0 7’ 0.0 1’ 0.0 0.0
27.70 - 10.62 + 0. 31 + 7.22 + 10.87 + 12.29
= 0.2a P~ — —— — —— == - —— ———— - — — — -
* > g 5.51 ! — 2.0k L+ 0.4 [t 2 06 _é}l 2.69 + 3.09
| [ { |
- 19.26 - T71.66 + 0.28 + 5.29 + 8.12 8.97
= 0.4 Q- -——— ————%}—~——4}——m— - - D
* a 9 - 3.83 _i}; 1.kg |+ 0.27 I + 1.56 _ﬁ}; 2.20 + 2.58
|
] ] i
-10.78 |- k.62 0.11 + 2.64 + L.o3 + W71
= 0.6 ————{y—~—ﬂ - —— —-———— - ===
*x = 0.6a @~ 2,12 | 1.18 _{?_ 0.70 - 0,61 —ﬁ}; 0.28 R - 0.26
| |
- 3,08 - 1.95 - 0.66 0.0 + 0.27 + 0.%
=0.8a Pp——==— —-——4{)——————4}————{}%——— D
x = 0.8a 1- 0.60 - 1.56 '—-5.02 P L 73 | 5.5k - 5.96
4 | I
X =a (J 7 7 ? IOI 77 \II 7 ? ;5? 7 7 é)-: ;Ll 51} é)j- 2::29/ 7 7 (5._ ?‘fa? 7\ B 5.:29
1.92 6.68" ~11.63 15,12 - 16.20
i~ 5 1A & =
<) ) S ) Ie
+| +l -+ -+l -+l o
# ] It it It i
=) s ) ™ - =)
MOMENTS (M,) AND (M,) IN ft kips/ft IN HEEL SLAB
i
Shear Coefficient Shear
Values pa —s= | 26.3% - 26.1 kips/Tt Total
Shear
g + % Py Dy 5y 5y kips/ft
0 + 0.5 + 0.90 + 0,114 +23.7| — 3.0 | + 20.7
0.2 + 0.5 + 0.805 | + 0.213 +21.2| - 5.6 | + 15.6
0.4 * 0.5 + 0.603 | + 0.243 + 159 - 6.3 |+ 9.6
0.6 + 0.5 + 0.435 | + 0.252 + 11k - 661+ 4.8
0.8 + 0.5 + 0.110 | + 0.130 + 29| - 3.4 - 0.5
1.0 + 0.5 - 0.075 | — 0.020 - 20| + 05~ 1.5
1.0 + 0.4 + 0.085 | + 0.1%0 + 2.2 - 341 - 1.2
1.0 + 0.3 + 0.34 | + 0.271 + 9.1 - 7.1+ 2.0
1.0 0.7 + 0.5%2 | +.0.355 + 3] - 9.5+ 5.0
1.0 + 0.1 + 0.655 | + 0.399 +17.2 | -—10.% | + 6.8
1.0 0.0 + 0.692 | + ¢.b411 + 182 —10.7 | + 7.5
SHEAR ALONG FIXED FDGES X = a AND y = + 0.5b IN HEEL SLAR

The magnitude and location of the maximum shear may be readily

obtained from the above table.
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